Abstract Sedghi et al. (Mat. Vesn. 64(3):258-266, 2012) introduced the notion of a S-metric as a generalized metric in 3-tuples S : X 3 → [0, ∞), where X is a nonempty set. The aim of this paper is to introduce the concept of an n-tuple metric A : X n → [0, ∞) and to study its basic topological properties. We also prove some generalized coupled common fixed point theorems for mixed weakly monotone maps in partially ordered A-metric spaces. Some examples are presented to support the results proved herein. Our results generalize and extend various results in the existing literature.
Introduction and preliminaries
Many mathematical problems require one to find a distance between two or more objects which is not easy to measure precisely in general. There exist different approaches to obtaining the appropriate concept of a metric structure. Due to the need to construct a suitable framework to model several distinguished problems of practical nature, the study of generalized metric has attracted, and continues to attract the interest of many authors. Over the last few decades, a number of generalizations of metric space have thus appeared in many papers. These generalizations were then also used to extend the scope of the study of fixed point theory. For more discussions of such generalizations, we refer to [-], and [] .
In the sequel, the letters R, R + , and N will denote the set of all real numbers, the set of all nonnegative real numbers, and the set of all positive integers, respectively. In , Gähler [] introduced the notion of a -metric space as follows.
Definition . Let X be a nonempty set. A function d : X  → R is said to be a -metric on X if the following conditions hold: (d) For any distinct points x, y ∈ X there is z ∈ X such that d(x, y, z) = , Gähler [] claimed that -metric space is a generalization of an ordinary metric space. He mentioned in [] that d(x, y, z) geometrically represents the area of a triangle formed by the points x, y, z ∈ X as its vertices.
On the other hand, Ha et al. [] and Sharma [] found some mathematical flaws in these claims. It was demonstrated in [] that d(x, y, z) does not always represent the area of a triangle formed by the points x, y, z ∈ X. Ha et al. [] proved that the -metric is not sequentially continuous in each of its arguments whereas an ordinary metric satisfies this property.
In order to carry out meaningful studies of fixed point results, Dhage [] suggested an improvement in the basic structure of -metric space.
In , Dhage in his Ph.D. thesis [] identified condition (d) as a weakness in Gähler's theory of a -metric space. To overcome these problems, he then introduced the concept of a D-metric space. 
(z, y, x), (D) D(x, y, z) ≤ D(x, y, a) + D(x, a, z) + D(a, y, z) for all x, y, z, a ∈ X. The pair (X, D) is called a D-metric space.
It is important to note that condition (d) and (D) are equivalent. Condition (d) and (D) are also equivalent, whereas (d) and (d) have been replaced by (D). Dhage [] modified condition (d) to obtain the natural nonnegativity condition of ordinary metric. In , Mustafa and Sims [] introduced the notion of G-metric space and suggested an important generalization of metric space as follows.
Note that condition (D) has been replaced with (G), (G), and (G). Condition (D) is equivalent to (G) and condition (D) has been replaced by (G). The deficiency of Dhage's theory of D-metric is thus corrected. Subsequently, Mustafa and Sims [] studied some topological properties of G-metric space and afterwards some authors have obtained generalized fixed point theorems in the setup of G-metric space; see for example [] .
Unlike in the theory of G-metric space, where condition (D) was replaced with the three separate axioms (G), (G), and (G), Sedghi et Proof The proof is straightforward.
Modification, enrichment, and extension of the structure of domains of the definition to obtain more general spaces is one of the active research areas in fixed point theory. One of the basic and the most widely applied fixed point theorems in mathematical analysis is the 'Banach (or Banach-Caccioppoli) contraction principle' . It states that if (X, d) is a complete metric space and f : X → X satisfies
for all x, y ∈ X, with k ∈ (, ), then f has a unique fixed point. This result is simple and powerful with a wide range of applications in science and engineering. It can be employed to prove the existence of solution of differential or integral equations including iterative methods for solving linear, nonlinear, differential, integral, and difference equations (see for example Samet 
An element (x, y) ∈ X × X is called a coupled fixed point of f if x = f (x, y) and y = f (y, x). In , Bhaskar and Lakshmikantham [] initiated the study of coupled fixed points and mixed monotone mapping in the setup of metric spaces, which provided powerful tools for solving complex problems; and therefore numerous interesting results on coupled fixed point theorems for various classes of contractive-type mappings in partially ordered metric spaces have been proved; see for example [, -], and the references therein. Gordji et al. [] introduced the concepts of coupled common fixed points and mixed weakly monotone pair of mappings as follows.
Definition . (see [] ) Let (X, ≤) be a partially ordered set and f , g : X  → X be two maps. The pair (f , g) is said to have the mixed weakly monotone property on X if, for all
An element (x, y) ∈ X × X is called a coupled common fixed point of f and g if x = f (x, y), y = f (y, x), x = g(x, y) and y = g(y, x). They proved the following result. 
holds for all x, y, u, v ∈ X with x ≤ u and y ≥ v. Let x  , y  ∈ X be such that 
and there exist p, q, r, s ≥ , satisfying p + q + r + s <  and
for any x, y, u, v ∈ X with x ≤ u and y ≥ v. Assume f or g is continuous or X has the following properties:
Then f and g have a coupled common fixed point in X.
It is our purpose in this paper to first propose a generalization of the S-metric space, called an A-metric space, and then prove some coupled common fixed point theorems for mixed weakly monotone maps in partially ordered A-metric spaces. Our results extend, unify, and generalize comparable results in [, , ], and [].
A-metric space
We now present the concept of an A-metric space and study some of its properties needed in the sequel.
. . , n, the following conditions hold:
The pair (X, A) is called an A-metric space.
Note that A-metric space is an n-dimensional S-metric space. Therefore the ordinary metric d and S-metric are special cases of an A-metric with n =  and n = , respectively.
Proof Applying condition (A) of an A-metric, we obtain
. . . . . .
The result follows from (.) and (.).
Proof Applying Lemma . and condition (A) of the A-metric, we obtain
. . .
Hence the result.
Remark . It is easy to see that whenever n = , we would get
Note also that the following implications hold. Definition . Let (X, A) be A-metric space. A sequence {x k } in X is said to converge to a point 
Since is arbitrary, we have A(x, x, x, . . . , x, y) =  and so x = y. Establishing the uniqueness of {x k }.
That is, for each ≥ , there exists N ∈ N such that for all k, m ≥ N we have
Lemma . Every convergent sequence in A-metric space is a Cauchy sequence.
Proof Let {x k } be a convergent sequence in (X, A).
This implies that {x k } is a Cauchy sequence.
Remark . The converse of Lemma . does not hold in general. A Cauchy sequence in an A-metric space does not need to be convergent. To see this we consider the space (X = Q, A) with the A-metric defined as in Example .. Let {x k } be a sequence defined by 
Proof Let {x k } and {y k } be convergent sequences in (X, A). Let lim k→∞ x k = x and lim k→∞ y k = y. Then given > , there exist N  , N  ∈ N such that, for all k ≥ N  , we get
On the other hand,
Therefore by (.) and (.) we obtain |A(
. , x, y).
This completes the proof.
Main result
In this section, we obtain common coupled fixed point results of mappings satisfying more general contractive conditions in the framework of partially ordered A-metric spaces. We start with the following result.
Theorem . Let (X, ≤, A) be a partially ordered complete A-metric space, f , g : X  → X two maps such that; () The pair (f , g) has mixed weakly monotone property on X;
for all x, y, u, v ∈ X with x ≤ u and y ≥ v.
() Either f or g is continuous or X has the following properties:
(a) If {x k } is an increasing sequence with
Then f and g have a coupled common fixed point in X.
Proof Let (x  , y  ) be a given point in X × X.
Choose
, and the fact that (f , g) has mixed weakly monotone property we have
Thus,
Continuing this way, we obtain
y k+ = f (y k , x k ) and
(.)
Therefore the sequences {x k } and {y k } are monotone: + α  D (x k+ , y k+ ), (x k+ , y k+ ), . . . , (x k+ , y k+ ), f (x k , y k ), f (y k , x k ) .
Applying (.) we get
A(x k+ , x k+ , . . . , x (k+) , x k+ ) + A(y k+ , y k+ , . . . , y (k+) , y k+ ) Similarly we obtain A(y k+ , y k+ , . . . , y k+ , y k+ ) + A(x k+ , x k+ , . . . , x k+ , x k+ )
From (.) and (.), we have
This implies that
A(x k+ , x k+ , . . . , x k+ , x k+ ) + A(y k+ , y k+ , . . . , y k+ , y k+ )  -(α  + α  )
. . , x k , x k+ ) + A(y k , y k , . . . , y k , y k+ ) .
Thus
A(x k+ , x k+ , . . . , x k+ , x k+ ) + A(y k+ , y k+ , . . . , y k+ , y k+ )
], then  ≤ δ <  and 
Similarly, by (.) we get 
Similarly, we have
and A(x k , x k , . . . , x k , x m ) + A(y k , y k , . . . , y k , y m )
Hence, for all k, m ∈ N with k ≤ m, we have
] < , we have
That is,
Therefore, {x k } and {y k } are both Cauchy sequences in X. By the completeness of X, there exist x, y ∈ X such that x k → x and y k → y as k → ∞. We next show that the pair (x, y) is a coupled common fixed point of f and g. Now, suppose f is continuous, then we have Applying (.) again, we also get
Applying (.), we have
This implies f (x, y) = x and f (y, x) = y and so (x, y) is as well a coupled fixed point of f . Therefore, (x, y) is a coupled common fixed point of f and g. 
